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I n  r e c e n t  years a c o n s i d e r a b l e  amount of con t rove r sy  h a s  
been gene ra t ed  on t h e  p o s s i b l e  sou rces  of h e a t i n g  of t h e  upper 
a tmosphere.  Whereas t h e  r o l e  played by EUV r a d i a t i o n  as  an 
impor t an t  heat sou rce  has r ece ived  wide a c c e p t a n c e ,  t h e r e  
a p p e a r s  t o  be  a g e n e r a l  l a c k  of unanimity ove r  t h e  p o s s i b l e  
e x i s t e n c e  of a n o t h e r  h e a t  source of comparable magnitude. 
Both t h e o r e t i c a l  arguments and exper imenta l  ev idences  have 
been p r e s e n t e d  f o r  and against t h e  e x i s t e n c e  of a heat source  
of c o r p u s c u l a r  o r i g i n  and it seems t h a t  t h e  s u b j e c t  has  
g e n e r a t e d  more h e a t  t h a n  l i g h t  ( see  f o r  example P a e t z o l d  
and ZschiSrner , Harris and P r i e s t e r 2  
Bar te l s7 ,  MacDonald8, Bourdeau e t  a1 , Jacchia and Slowey 
11 and J a c c h i a  e t  a1 ) .  I t  should be  p o i n t e d  o u t  t h a t  t h e  bu lk  
of o b s e r v a t i o n a l  d a t a  on atmospheric  t empera tu re  has come 
from t h e  s a t e l l i t e  drag  a n a l y s i s  which e s s e n t i a l l y  g i v e s  t h e  
a tmospher ic  d e n s i t y  a t  t h e  s a t e l l i t e  p e r i g e e .  The t empera tu re  
of t h e  isothermal r e g i o n  of t h e  thermosphere ( u s u a l l y  r e f e r r e d  
t o  as  e x o s p h e r i c  t empera tu re  by J a c c h i a )  is  d e r i v e d  by us ing  a 
s u i t a b l e  model of t h e  atmosphere ( N i c o l e t 1 2 ,  Jacchia13) . 
order t o  s tudy  t h e  effect  of s o l a r  EUV and c o r p u s c u l a r  r a d i a t i o n ,  
t h e  pa rame te r s  chosen f o r  comparison are r e s p e c t i v e l y  t h e  solar  
decimeter f l u x  and t h e  d a i l y  v a r i a t i o n s  of t h e  geomagnetic 
a c t i v i t y  on t h e  ground. The former i s  g e n e r a l l y  b e l i e v e d  t o  
be  t h e  measure  of EUV f l u x  and t h e  l a t t e r  t h e  measure of t h e  
c o r p u s c u l a r  a c t i v i t y  of t h e  sun .  
1 6 J a c ~ h i a ~ ’ ‘ ’ ~ ,  Nicolet , 6 10 
I n  
Jacchia‘ and J a c c h i a  and 
*NAS-mC P o s t d o c t o r a l  Res ident  Research A s s o c i a t e  
2 
Blowey”, u s i n g  10 .7  c m  f l u x  measurement as  an index of EUV 
r a d i a t i o n  and p l a n e t a r y  magnet ic  i n d i c e s  ( a  or K ) as  measure 
of geomagnetic a c t i v i t y  showed t h a t  du r ing  t h e  p e r i o d  of 
h igh  sun s p o t  a c t i v i t y ,  t h e  d a i l y  v a r i a t i o n s  of t empera tu re  
follow t h e  10 .7  c m  v a r i a t i o n s  very  c losely.  During t h e  
magne t i ca l ly  d i s t u r b e d  p e r i o d  t h e  t empera tu re  i n c r e a s e s  
suddenly i n  d i r e c t  p r o p o r t i o n a l i t y  t o  a 
between EUV f l u x  and t empera tu re  w a s  made by Bourdeau e t  a1 
who showed t h a t  even t h e  minor day t o  day v a r i a t i o n  i n  EUV 
f l u x  was r e f l e c t e d  i n  t empera tu re  d a t a  g i v i n g  s t r o n g  suppor t  
t o  t h e  EUV f l u x  a s  t h e  primary cause  of a tmospher ic  h e a t i n g .  
Unfo r tuna te ly ,  t h e  EUV f l u x  w a s  a v a i l a b l e  only  f o r  about  a two 
months pe r iod  (March 7 t o  May 1 5 ,  1962) and it w a s  d i f f i c u l t  
t o  make a g e n e r a l  p r e d i c t i o n  f o r  t h e  e n t i r e  so la r  c y c l e  p e r i o d  
based on t h e  d a t a  of such a s h o r t  d u r a t i o n .  I t  w a s  shown 
l a t e r  by Jacchia  and Slowey” and J a c c h i a  e t  a l l ’  t h a t  d u r i n g  
t h e  p e r i o d  of l o w  sunepot  a c t i v i t y  (1963-65), t h e  d a i l y  
changes i n  t empera tu re  fo l lowed t h e  K v a r i a t i o n  and not  t h e  
10.7 c m  f l u x  v a r i a t i o n  as w a s  t h e  case d u r i n g  t h e  ear l ie r  
p a r t  of t h e  solar  cycle. 
The vary ing  e f f e c t s  a s s o c i a t e d  w i t h  10 .7  c m  f l u x  and K 
on a tmospher ic  t empera tu re  d u r i n g  t h e  solar  cycle are i n d i c a t i v e  
of t h e  f a c t  t h a t  d u r i n g  t h e  p e r i o d  of h igh  sunspo t  a c t i v i t y  
t h e  changes i n  solar EUV r a d i a t i o n  are l a r g e  enough t o  mask 
any e f f e c t  of c o r p u s c u l a r  r a d i a t i o n  e x c e p t  d u r i n g  s e v e r e  
magnet ic  d i s t u r b a n c e s .  During t h e  p e r i o d  of l o w  sun  s p o t  
a c t i v i t y ,  however, t h e  l e v e l  of EUV f l u x  remains  r e l a t i v e l y  
s t a t i o n a r y  so t h a t  t h e  c o r p u s c u l a r  e f f e c t s  on t empera tu re  
which may be of t h e  same o r d e r  as d u r i n g  t h e  h i g h  so l a r  a c t i v i t y ,  
become n o t i c e a b l e .  I n  f a c t ,  a c l o s e  examina t ion  of 10.7 c m  
f l u x  and tempera ture  d a t a  d e r i v e d  f rom E x p l o r e r  IX s a t e l l i t e  
d rag  a n a l y s i s  (Roemer”) s u p p o r t s  t h i s  view. 
P P 
A d i r e c t  comparison 
P’ 9 
P 
P 
Both t h e s e  data 
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show a marked 27 day v a r i a t i o n  up  t o  abou t  June  1962.  A f t e r  
t h i s  p e r i o d ,  t h e  27 day o s c i l l a t i o n  i n  bo th  t h e  pa rame te r s  
a p p e a r s  t o  be damped and t empera tu re  a p p e a r s  t o  f o l l o w  K 
v a r i a t i o n .  To e s t a b l i s h  a p o s s i b l e  r e l a t i o n s h i p  between 
t empera tu re  and K on a day t o  day bas i s  even d u r i n g  t h e  
h i g h  sun s p o t  a c t i v i t y  p e r i o d ,  i t  is necessa ry  t o  s e p a r a t e  
' .  P 
P 
I t h e  e f f e c t s  a s s o c i a t e d  w i t h  10 .7  c m  f l u x  on t empera tu re  a s  
f a r  a s  p o s s i b l e .  I t  i s  r e l a t i v e l y  s imple  t o  c o n s t r u c t  a 
mathemat ica l  f i l t e r  f o r  t h i s  purpose i n  view of t h e  dominant 
I 27 day p e r i o d i c i t y  p r e s e n t  i n  bo th  10 .7  c m  and t e m p e r a t u r e  
I 
d a t a .  I t  w a s  found t h a t  a f i l t e r  based  on 5 day runn ing  means 
w a s  q u i t e  s a t i s f a c t o r y  p a r t l y  because  of  i t s  computa t iona l  
s i m p l i c i t y  and p a r t l y  because  of i t s  f requency  r e s p o n s e  f o r  
t h e  p e r i o d  of  27 day and above be ing  s u f f i c i e n t l y  h i g h .  A 
series d e r i v e d  by t a k i n g  t h e  d i f f e r e n c e  of t h e  o r i g i n a l  ser ies  
and t h e  5 day running  mean series would consequen t ly  be  f r e e  
f r o m  t h e  p e r i o d s  of 27 days  and above. A running  mean f i l t e r  
h a s  a n  a d d i t i o n a l  advantage  f o r  it d o e s  n o t  i n t r o d u c e  any phase  
16 change between t h e  o r i g i n a l  and t h e  f i l t e r e d  series (Holloway ) 
The t e m p e r a t u r e  d a t a  used i n  t h i s  a n a l y s i s  are t h e  n i g h t -  
t i m e  minimum t e m p e r a t u r e  (T ) d e r i v e d  from t h e  p r e c i s e l y  n 
reduced  d r a g  d a t a  of E x p l o r e r  I X  s a t e l l i t e  (Roemer ) .  T h i s  
d a t a  which approximate ly  c o v e r s  t h e  p e r i o d  from November 
1961 t o  June 1963 r e f l e c t s  t h e  p e r i o d  of moderate  and low 
solar  a c t i v i t y  and is  p a r t i c u l a r l y  s u i t e d  f o r  s t u d y i n g  t h e  
day t o  day v a r i a t i o n  i n  view of  i t s  good t i m e  r e s o l u t i o n .  
15 
F i g u r e  (1)  shows a d a i l y  p l o t  of T n ,  10 .7  c m  s o l a r  f l u x  (SlOe7 ) 
and ZK ( t h e  d a i l y  sum of p l a n e t a r y  geomagnet ic  i n d i c e s  t a k e n  t o  
r e p r e s e n t  t h e  a v e r a g e  magnet ic  a c t i v i t y  of t h e  day)  f o r  t h e  
p e r i o d  February  t o  May 1962. T h i s  data  c o r r e s p o n d s  t o  a 
modera t e ly  a c t i v e  p e r i o d  (average 10 .7  c m  f l u x  v a l u e  = 98) .  
The CK 
P 
and  SlOe7 i n  F i g u r e  1 and t h e  subsequent  ones  ( F i g u r e s  
P 
4 
2 and 3) have been advanced by one day for better visual 
comparison with Tn since the initial examination of the data 
revealed a systematic one day lead of CK and S10,7 with 
respect to Tn. The significance of this time lag will be 
discussed later. It is seen from Figure 1 that both the 
10.7 cm flux and temperature follow each other quite well 
but there is no qpparent resemblance of either of the two 
parameters with Ck . The 27 day periodicity is revealed in 
both the 10.7 cm flux and Tn plots. 
of 5 day running means of 10.7 cm flux mlOs7), temperature 
on), and the daily sum of K indices 5). 
the smaller fluctuations in all the parameters are considerably 
smoothed. Both the x10,7 and Tn show clearly the 27 day cycles 
superimposed on a long term variation. Figure 3 shows the 
difference (ASloe7, ATn and ACK ) of the original data and the P 
5 day running rpeans, and essentially contains the high frequency 
components. The similarity between ACK and ATn is quite 
striking - a feature which is not obvious from Figure 1. It 
can be seen that there is no visual correspondence between 
ATn and AS10,7. 
revealed by subjecting the entire data from November 1961 
to May 1963 to statistical analysis. The correlation coefficients 
are computed for the original data (rT ,’ ,r Tn ’ CKp and 
r 
r- 
P 
P 
Figure 2 shows the plot 
It is seen that P 
P 
The significance of the above result is 
and 10.7 ) ,  five days running means (pT ,s ’ r T ’ r  ‘10 .7 ’ CKp n 10.7 n P 
’ C K B ) ,  AT- and five days running mean differences (r , ‘10.7 
) varying the time difference ‘AT,) A C K ~  , r  Aslo. 7 ’ AXKp 
to +5 days with an interval of 1 day and are shown in 
figures 4 ,  5 and 6 respectively. It is Seen from these figures 
that except for the lack of correlation between and CK 
the correlation coefficients between the various parameters 
show significant variations dependin6 on their frequency spectrum. 
P’ 
I 
I 
I .  5 
They all, however, appear to peak at +1 day indicating a possible 
1 day time lag of temperature with respect to EUV flux and 
geomagnetic perturbations. It should be emphasized, however, 
4 that no physical significance should be attached to this kind 
of time delay in view of the fact that both 10.7 cm flux and K 
are averaged over one day period and the maximum resolution 
of the data is of the order of 1 day. The following table 
shows the peak values of correlation coefficients between the 
various parameters. 
P 
r 
Tn ’ ‘10.7 
ORIGINAL DATA 
r Tn ’ ZKp r 
CKp’s10.7 
.65 .32 - .08 
r- - 
Tn’ ‘10.7 
5 DAY RUNNING MEANS 
r ~ ’ s l O .  7 
.64 .25 - .09 
5 DAY RUNNING MEAN DIFFERENCES 
I- 
’As lo .  7 r ATn ’ A CKP QCK ’os10.7 P 
.09 .73 .02 
7 
~ 6 
The c o r r e l a t i o n  c o e f f i c i e n t s  r and r- are  h igh  
and show a broad  r e sponse  w i t h  t h e  t i m e  d i f f e r e n c e  i n d i c a t i n g  
a h i g h  degree  of  a s s o c i a t i o n  between t h e  long  t e r m  v a r i a t i o n s  
such a s  27 day  v a r i a t i o n 6  i n  t h e  two pa rame te r s .  The c o r r e l a t i o n  
c o e f f i c i e n t  rAT , A C K  
i n d i c a t i n g  t h a t  t h e  Ehort term v a r i a t i o n s  i n  Tn and ZKp are  
h i g h l y  c o r r e l a t e d .  
Tn’slO. 7 Trl ’%o 7 
i s  h i g h  and shows a ve ry  s h a r p  r e s p o n s e  
n 
The s h o r t  term c o r r e l a t i o n  between Tn and 
(r ) is a lmost  n e g l i g i b l e .  ’10.7 ATn ’ ASlQ. 
I n  conc lus ion  w e  n o t e  t h a t  for t h e  p e r i o d  November 1961 
th rough  May 1963,  t h e  long  term v a r i a t i o n s  such as  t h e  27 day 
v a r i a t i o n s  i n  t h e  upper  a tmosphe r i c  t e m p e r a t u r e  are c o r r e l a t e d  
w i t h  t h o s e  i n  10.7 e m  f l u x .  The s h o r t  term v a r i a t i o n s  i n  
t empera tu re  such a s  t h e  day t o  day v a r i a t i o n s ,  however, are 
s t r o n g l y  c o r r e l a t e d  w i t h  geomagnet ic  f l u c t u a t i o n s  a s  r e p r e s e n t e d  
by AZK,j. 
We w i s h  t o  t h a n k  M r .  C. J .  Wade for programming t h e  numer i ca l  
computa t ions  used  i n  t h i s  work. 
t 
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FIGURE CAPTIONS 
1. Temporal v a r i a t i o n s  of CK Temperature  T and 1 0 . 7  c m  P’ ” 
s o l a r  f l u x  SlOa7 f o r  t h e  p e r i o d  Februa ry ,  1962 t o  May 
1962. 
2 .  Temporal v a r i a t i o n s  of r, TN and 310., f o r  t h e  p e r i o d  
P 
February  1962 t o  May 1962. 
3, Temporal v a r i a t i o n s  of AZK ATN and AS10,7 f o r  t h e  
P’ 
p e r i o d  February 1962 t o  May 1962. 
4 .  C r o s s  c o r r e l a t i o n  w i t h  o r i g i n a l  da t a .  
5 .  Cross c o r r e l a t i o n  w i t h  5 day running  means. 
6 ,  C r o s s  c o r r e l a t i o n  w i t h  5 day running  mean d i f f e r e n c e s .  
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